The Dabie-Sulu ultrahigh-pressure orogenic belt resulted from the early Mesozoic collision of the North China block and South China block (comprising the Yangtze and the Cathaysia) and subsequent exhumation of the subducted South China continental slabs. This belt consists of tectonically juxtaposed rock units of different metamorphic grade. Provenance of the low-grade metamorphic terranes exposed along the northern part of the belt can offer useful information about the location of the boundary between these two continental blocks. This study reports detrital zircon ages and Nd-Hf isotopic composition of sedimentary rocks of the low-grade Penglai Group, situated north of the Sulu UHP terrane. Results show that detrital zircon grains mostly crystallized during Mesoproterozoic time, clustering at 1.7 Ga to 1.6 Ga and 1.2 Ga. Nd isotopic composition (T DM value) of the Penglai Group suggests that sedimentary sources are similar to average crustal material of the Yangtze block and mostly formed in Paleo-to Mesoproterozoic. Late Mesoproterozoic detrital zircons probably demonstrate that sedimentary material was derived from the boundary of the Yangtze and Cathaysia blocks, which was formed by the late Mesoproterozoic convergence. Absence of Neoproterozoic detrital zircons from the Penglai sediments probably suggests a late Mesoproterozoic to early Neoproterozoic deposition age (about 1.1 Ga to 0.8 Ga). The age and isotopic evidence implies that the Penglai Group originated from the South China block and probably was thrust onto the basement of the North China block during the early Mesozoic continental collision.
INTRODUCTION
The Dabie-Sulu ultrahigh-pressure (UHP) orogenic belt represents the eastern part of the Qinling-Dabie orogenic belt in central China, which was formed by collision of the North China block and the South China block during the early Mesozoic (e.g., Mattauer et al., 1985; Hsü et al., 1987; Wang et al., 1989; Zhang, G.-W. et al., 1995; Zhang, 1999, 2000) . The latter comprises the Yangtze block in the northwest and the Cathaysia block in the southeast (Fig. 1a) . The time of final collision and exhumation of subducted continental slabs has been well constrained to early Mesozoic by numerous radiometric studies (e.g., Ames et al., 1993; Li et al., 1993; Zheng et al., 2002) . Typical UHP metamorphic mineral inclusions, such as coesite and diamond, are found in garnet and zir-Beihuaiyang low-grade metamorphic zone and the Wulian Group to obtain evidence of the provenance of these terranes Zheng et al., 2005; Zhou et al., 2001 Zhou et al., , 2003 Zhou et al., , 2005 . For discussion of the tectonic setting of these terranes see and Zheng et al. (2005) . Compared to the Beihuaiyang zone and the Wulian Group, only a few studies have been performed on the Penglai Group. The source and deposition time (i.e., whether late Proterozoic or early Paleozoic) of this group is still a subject of considerable debate (Zhu et al., 1994; Ji and Zhao, 1992; Niu et al., 1996) . This study presents geochemical and Nd isotopic data of whole-rock samples as well as age and Hf isotopic data of detrital zircon grains from the Penglai Group, to further constrain sedimentary sources and deposition time and to discuss the provenance of this group.
GEOLOGICAL SETTING
The eastern Shandong Province, geologically known as the Jiaodong block, is composed of two types of Precambrian basement (Fig. 1c) . Both basement domains have distinct origins and geological evolution and are separated by the Wulian-Qingdao-Yangtai fault. To the east of this fault, the basement is made up mainly of late Proterozoic granitic gneisses, which experienced a ther- Guo et al. (2005) . (d) Geological map of study area after Zhu et al. (1994) , showing the sample localities. Abbreviations: JMF, Jimo-Mouping fault; WQYF: Wulian-Qingdao-Yangtai fault; UHP, ultrahigh-pressure. AKC: the Archean Kongling Complex. mal event between ca. 0.7 to 0.8 Ga (e.g., Ishizaka et al., 1994; Guo et al., 2005; Ames et al., 1996; Hacker et al., 1998) . This terrain comprises part of the Sulu UHP belt that was subjected to HP-UHP metamorphism during the early Mesozoic (e.g., Cong, 1996; Zhai et al., 2000; Guo et al., 2005; Liu et al., 2001) . It is considered as part of the Yangtze block (e.g., Ames et al., 1996; Hacker et al., 1998; Guo et al., 2005) . The basement of the western Jiaodong block is mainly composed of the Archean Jiaodong Complex and the Paleoproterozoic Jingshan and Fenzishan Groups. Traditionally, this basement is considered to be part of the North China block and is made up mainly of Archean tonalite-trondhjemite-granodiorite (TTG) gneisses, amphibolites, and Paleoproterozoic metasedimentary sequences (e.g., Ma and Bai, 1998; Guo et al., 2005) . These rocks underwent amphibolite-to granulite-facies metamorphism at about 1.8 Ga (e.g., Zhai et al., 2000; Zhao, 2001) . Recently, zircon ages of Neoproterozoic obtained on impure marbles of the Fenzishan Group were interpreted as evidence for a Yangtze affinity of this group that probably was thrusted onto the Archean basement of the North China block during the Mesozoic collision of these two continental blocks (Tang et al., 2006) . However, additional age data from other rock types of this group is necessary to confirm the Neoproterozoic age of the Fenzishan Group.
Fig. 1. (a) and (b) Sketch maps showing localities of the major geological units in China and the Qinling-Dabie-Sulu orogenic belt. (c) Simplified geological map of the eastern Shandong Province (or the Jiaodong area) after
The Sulu UHP belt is a geological counterpart of the Dabie UHP belt. Both terranes are made up of several tectonically juxtaposed zones of different metamorphic facies, characterized by HP and UHP metamorphism (e.g., Cong 1996; Hacker et al., 1998) . In the Sulu area, UHP metamorphic rocks are exposed in the northern and central parts (Fig. 1c) , while HP to upper greenschist-facies metamorphic rocks, e.g. the Zhangbaling Group and the Haizhou Group, are located in the southern part of this belt. In the north, the UHP terrane is tectonically directly juxtaposed with the Archean to Paleoproterozoic gneisses (Fig. 1c) , separated by the Wulian-Qingdao-Yangtai fault (WQYF) that is generally considered as the boundary between the Sulu UHP belt and the North China block (e.g., Yin and Nie, 1993; Ishizaka et al., 1994; Cong, 1996) . To the south, this boundary is covered by Mesozoic sedimentary rocks of the Laiyang basin. Abundant eclogites of UHP metamorphic phase occur as pods or bodies in orthogneisses of TTG and granitic composition of late Proterozoic age (e.g., Ames et al., 1996; Ishizaka et al., 1994) , which were subjected to metamorphism similar to that of the Dabie UHP belt between 240 Ma and 220 Ma (e.g., Wang et al., 1993; Li et al., 1993) . The UHP metamorphic rocks in the Sulu area, especially in the Weihai area, underwent a granulite-facies overprint during the uplift of the UHP terrane (Zhang, R.-Y. et al., 1995; Banno et al., 2000) . Migmatization is usually developed around strongly retrograded UHP blocks Jahn et al., 1996) . The UHP terrane is intruded by numerous Mesozoic granitic rocks which formed during different intervals and in different tectonic settings, such as in syn-to post-collisional settings between about 220 Ma to 160 Ma and in an extensional setting probably related to lithospheric thinning or subduction of the paleo-Pacific plate around 120 Ma, after the final collision of the Yangtze and North China blocks (e.g., Guo et al., 2005 , Wang et al., 1998 Yang et al., 2005; .
North of the Wulian-Qingdao-Yangtai fault (WQYF), low-grade metamorphic rock units are exposed, such as the Wulian Group and the Penglai Group that are markedly different from neighborhood rock units, i.e., the Archean to early Proterozoic high-grade gneisses (Fig.  1) . The Penglai Group is composed mainly of slate, schist and quartz sandstone. It forms outcrops northeast of Qixia county and occurs sporadically around Penglai and on small islands north of Yangtai. The sedimentary rocks underwent mainly lower greenschist-facies metamorphism in late Paleozoic and are considered as cover of the Archean to Paleoproterozic basement rocks (e.g., Zhu et al., 1994) . The deposition age of the Penglai Group was constrained to be Paleozoic by means of Rb-Sr isotopic dating (about 473 Ma) and paleontological methods (e.g., Zhu et al., 1994; Ji and Zhao, 1992) and to be late Mesoproterozoic (1166 Ma) by whole-rock Pb-Pb dating (Zhang, 1995) . However, due to the mobility of Rb-Sr isotopic systematics during metamorphism, possible inhomogeneous initial Pb isotopic composition of whole-rocks, and problematic dating of paleontological methods, dispute about the time of deposition still remains (Zhu et al., 1994; Ji and Zhao, 1992; Niu et al., 1996) . Further discussion on sedimentary source and provenance of this rock unit requires additional geochemical and isotopic investigation. In this study, fifteen samples comprising schists and quartz sandstones were collected from the Penglai Group north of Qixia (Fig. 1d ) for geochemical and Sm-Nd isotopic analyses. Detrital zircon grains were separated from four representative sandstone samples for single grain evaporation 207 Pb/ 206 Pb dating and Hf isotopic composition.
ANALYTICAL METHODS
Whole-rock powder was obtained by crushing and splitting of about 10 kg of rock sample. Zircon was isolated from crushed rocks by standard mineral separation techniques and was finally handpicked using a binocular microscope.
Zircon grains utilised for cathodoluminescence (CL) study were mounted in epoxy resin and polished down to expose the grain centers. CL images were obtained on a microprobe CAMECA SX51 at the Institute of Geology and Geophysics, Chinese Acad-emy of Sciences (IGG CAS). Zircon Pb-Pb evaporation analysis was performed on a GV IsoProbe-T mass spectrometer and Sm-Nd isotopic ratios were measured on a Finnigan MAT-262 mass spectrometer in the Laboratory for Radiogenic Isotope Geochemistry, IGG CAS.
The principle of the zircon evaporation dating method used in this study is that of Kober (1986 Kober ( , 1987 . The analytical technique, however, is different from the conventional procedure. The GV IsoProbe-T mass spectrometer in the Laboratory for Radiogenic Isotope Geochemistry of the IGG CAS is equipped with a multi-ion-counter configuration with seven ion-counters. Intensities of Pb isotopes ( 204 Pb, 206 Pb, 207 Pb, and 208 Pb) extruded from the evaporated zircon grain were statically measured using four ion-counters during evaporation. Pb isotopic ratios were simultaneously measured during the stepwise heating of each zircon, avoiding time-consuming evaporation-deposition cycles employed in the conventional evaporation dating technique. The measurement was terminated with the exhaustion of Pb from the zircon grain and the age value was calculated from those 207 Pb/ 206 Pb ratios having a constant value. Gain calibration of the different ion-counters was done by measurement on Pb standard solutions (NBS981 and/or NBS982). Common Pb contribution was corrected using values of Stacey and Kramers (1975) Pb/ 206 Pb ratios can be directly observed during the simultaneous evaporation and measurement run. These variations are related to the crystallization history and the distribution of the U and Th content within the zircon grains. More details on analytical techniques are given in Chen et al. (2005) . During the course of this study, standard zircon grains from Kuehl Lake/Canada (zircon 91500, Wiedenbeck et al., 1995) were measured and the results (mean 207 Pb/ 206 Pb age of 1062 ± 5 Ma) are comparable to the ages derived from isotope dilution analyses (Wiedenbeck et al., 1995) and conventional zircon Pb evaporation (Chen et al., 2002) . Ages obtained by the evaporation method are given as weighted average and errors refer to the 95% confidence level, calculated using the Isoplot program (Ludwig, 2001) .
For Sm-Nd isotope analysis, rare earth elements were isolated on quartz columns by conventional ion exchange chromatography with a 5-ml resin bed of AG 50W-X12 (200-400 mesh). Nd and Sm were separated from other rare-earth elements on quartz columns using 1. (Chen et al., 2006) . The external precision is a 2σ uncertainty based on replicate measurements on these standard solutions over one year. Results of repeated Sm-Nd analyses on the standard material BCR-1 (basalt powder) are also given in Chen et al. (2006) . For technical details on Sm-Nd analysis the reader is referred to Chen et al. (2000) . Total procedural blanks were <100 pg for Sm and Nd.
The notations of ε Nd , f (Sm/Nd) , T DM are defined following DePaolo et al. (1991) : (Chu et al., 2002) . Zircon 91500 was used as the reference standard during routine analyses, with a recommended 176 Hf/ 177 Hf ratio of 0.282293 ± 28 (Woodhead et al., 2004) . Statistical data treatment was performed with the ISOPLOT program (Ludwig, 2001) . Chondrite data from Blichert-Toft and Albarede (1998) were used for calculation of the ε Hf (t) values. Depleted mantle model ages (T DM (Hf)) were calculated following Griffin et al. (2000) .
GEOCHEMICAL AND ND ISOTOPIC DATA
Fourteen samples were analyzed for major element concentrations and seven representative samples were measured for trace element concentrations including the rare earth elements (REE). Analytical data are given in Normalized trace element and REE compositions of seven samples are plotted in Fig. 2 . Compared to the schist samples, the sandstone samples have low contents of trace elements and REEs. Total REE contents of the investigated schist samples (PL3, PL9 and PL11) range from 569 ppm to 806 ppm, while the sandstone samples (PL1, PL7, PL10, PL14) have total REE contents between 127 ppm and 148 ppm. This difference must be caused by different trace element and REE contents of the mineral phases. Sandstone and schist samples have very similar normalized REE and trace element patterns (Figs. 2a and b) . Except for Ta-content, analyzed samples of both rock types similarly show depletion in Sr-, Zr-, and Y-contents and enrichment in Pb-content. As seen from the normalized REE patterns, both sandstone and schist samples show fractionation between light and heavy REE and a significant Eu depletion is present in all samples. Both rock types have similar La N /Yb N and Tb N /Yb N ratios, ranging from 6.93 to 12.55 and 1.13 to 1.52, respectively. (Gromet et al., 1984 ; Fig. 2 ), but differ from average crustal composition (Taylor and McLennan, 1985) by their higher REE content. It is commonly accepted that fractionation between the REEs is insignificant during sedimentation and low-grade metamorphism (e.g., Taylor and McLennan, 1985) . Therefore, the REE patterns of the schist samples from the Penglai Group that have features of post-Archean schists are representative of the REE source characteristic. Whole-rock Sm-Nd analytical data of fifteen samples of schist and sandstone from the Penglai Group are given in 
DETRITAL ZIRCON AGES AND HF ISOTOPIC COMPOSITION
Four representative sandstone samples collected from the Penglai Group contain abundant detrital zircon grains. Most of the grains are well rounded or oval in shape, indicating long-distance transportation and heavy ablation before deposition, being consistent with typical characteristics of detrital zircon grains. Under a binocular microscope, zircon grains appear transparent, light yellow in color, or partly light brown to colorless. Cathodoluminescence (CL) images of zircon grains offer the opportunity to study their internal structure which yields important information about the crystallization history of the grains (e.g., Hanchar and Miller, 1993; Pidgeon et al., 1998) . Figure 4 shows CL images for typical zircon populations. Most of the grains exhibit oscillatory zoning of magmatic origin, almost lacking Sun (1982) and Taylor and McLennan (1985) . Data of the NASC are from Gromet et al. (1984) . recrystallization phenomena, which suggests a simple post-crystallization history. A small amount of zircon grains without magmatic oscillatory CL zoning are completely recrystallized, implying an overprint by later metamorphic events. A minority of zircon grains contain inherited cores, for instance the two grains in the lower part of Fig. 4b . It is clearly shown in the CL images that most of the detrital zircon grains were mechanically rounded during transportation of the sedimentary material. Zircon grains from three sandstone samples were evaporated for Pb isotope composition and the analytical data are given in Table 3. 207 Pb/ 206 Pb ratios of 51 evaporated zircon grains correspond to ages that range from 2514 ± 5 Ma to 1087 ± 9 Ma. Liew and Hofmann, 1988) .
100 m µ 206 Pb ages is shown in a histogram (Fig. 5) . Most of zircon grains give ages between 1.8-1.1 Ga clustering around 1.7-1.6 Ga and 1.2 Ga. Only two zircon grains gave ages older than 1.8 Ga. About eighty percent of zircon grains give 208 Pb/ 206 Pb ratios higher than 0.1, corresponding to high Th/U ratios when calculated back to 1.2 Ga, indicating a possible magmatic source (e.g., Hoskin and Black, 2000; Rubatto, 2002; Rino et al., 2004) . This can be also supported by oscillatory magmatic zoning of most zircon grains in the CL images. Therefore, the age distribution of detrital zircon grains from the analyzed samples probably implies that the sedimentary material of the Penglai Group mainly originated from the terranes where Mesoproterozoic magmatic and/or metamorphic rocks were commonly distributed.
A total of 134 zircon grains from four sandstone samples were analyzed for Hf isotopic composition using the LA-MC-ICP MS method. Analytical data are given in Table 4 are calculated using 176 Lu/ 177 Hf ratios of zircon grains (T DM (Hf)) and a mean crustal 176 Lu/ 177 Hf ratio of 0.015 (T DM (Hf) C ), following Griffin et al. (2000) . Distribution of T DM (Hf) and T DM (Hf) C values are shown in Fig. 6 . The T DM (Hf) values range from about 3.2 Ga to 1.2 Ga, with model age accumulations between 1.7 to 1.6 Ga and 2.3 to 2.2 Ga. As zircon normally has low Lu/Hf ratios that can not represent source characteristic, T DM (Hf) C values better constrain source information. The T DM (Hf) C values, calculated using 1.2 Ga and the mean crustal 176 Lu/ 177 Hf ratio, vary widely from 4.4 Ga to 1.4 Ga, clustering mostly between 2.2 to 2.0 Ga and 2.7 to 3.0 Ga (there seems to be a second cluster in this range), probably implying Paleoproterozoic and Archean (as secondary) crustal material as a major sedimentary source (Iizuka et al., 2005) .
DISCUSSION

Provenance of the Penglai Group
The location of the boundary between the North China block and the Yangtze (or the South China) block in the Sulu UHP belt is still debated (e.g., Yin and Nie, 1993; Ishizaka et al., 1994; Cong, 1996; Zhai et al., 2000; Faure et al., 2001) . In earlier articles it was commonly assumed that the boundary is located along the Jimo-Moping fault (Yin and Nie, 1993; Ishizaka et al., 1994; Cong, 1996) . Zhai et al. (2000) suggested that the high-grade gneiss terrane in the Jiaodong area (eastern Shandong Province) indeed belongs to the North China block and that the boundary is located roughly in the Kunyushan granite batholith, west of the UHP metamorphic rocks. Faure et al. (2001) proposed that the gneiss terrane represents a migmatite dome related to the UHP metamorphism and is part of the Dabie-Sulu UHP orogenic belt. According to these authors, the boundary should be located further north in Bohai bay. The low-grade metamorphic Penglai Group is exposed within the high-grade gneiss terrane. The provenance and evolution history of this group can therefore be useful for understanding the relationship between the Sulu UHP metamorphic belt of Yangtze-affinity and the high-grade gneiss terrane, which is generally interpreted as part of the North China block. Detrital zircon ages have been widely used to study growth and reworking of continental crust, provenances of geologic terrains, depositional ages, and sources of sediments (e.g., Rino et al., 2004; Iizuka et al., 2005; Nelson, 2001; Valverde et al., 2000; . Principles of this application are based on physical and isotopic characteristics of zircons and the history of different geological terranes (e.g., Valverde et al., 2000) . The basements of the North China and South China (Yangtze and Cathaysia) blocks are characterized by very different thermo-magmatic histories before they collided in early Mesozoic times (e.g., Yang et al., 1986; Ma and Bai, 1998) . The South China block is composed of the Yangtze and Cathaysia blocks that amalgamated together in late Mesoproterozoic (e.g., Chen et al., 1991; Li et al., 1994 Li et al., , 2002 . The North China block is typically characterized by Archean to Paleoproterozoic basement rocks, which mainly underwent four major orogenic cycles during 3.0 to 2.9 Ga, 2.6 to 2.5 Ga, 2.4 to 2.3 Ga, and 1.8 to 1.7 Ga. Although small Archean to Paleoproterozoic basement outcrops are exposed along the northwestern and western margins of the Yangtze block (e.g., Qiu et al., 2000; Gao et al., 2001) and in the northern part of the Cathaysia block (e.g., Li et al., 2002; Zhao and Cawood, 1999) , both blocks are characterized mostly by younger basement domains of Meso-to Neoproterozoic age that became stable in late Proterozoic and were subjected to major thermal-magmatic events during 1.1 Ga to 1.0 Ga ences therein). Petrogenetically, these magmatic events were tightly related to rift tectonics and dominantly produced small-volume mafic and ultramafic dykes or dyke swarm within the North China block (Peng et al., 2005) , which contain less and tiny zircon mineral grains. Therefore, it is reasonable to exclude the possibility that these mafic dykes contributed to the source of early Mesoproterozoic zircon grains for the Penglai Group. Although along the marginal regions of the North China block, early Mesoproterozoic magmatism can be traced (e.g., Li and Mu, 1999; Peng et al., 2005) , which was particularly intensive in the Xiong'er area (e.g., , the absence of detrital Archean zircon and 0.8 Ga to 0.7 Ga. In particular the early Neoproterozoic magmatic activities around 0.8 Ga to 0.7 Ga are considered to be indicative of the South China affinity. The age distribution of detrital zircon grains from the Penglai Group (Fig. 5) clearly demonstrates that most zircon grains crystallized between 1.8 and 1.1 Ga with age peaks at 1.7-1.6 Ga and 1.2 Ga. This feature of detrital zircon ages implies that sedimentary sources originated from terranes characterized by widespread early and late Mesoproterozoic magmatism and/or metamorphism. Magmatic activities between 1.8 and 1.6 Ga are known from the North China block (e.g., Peng et al., 2005 and refer- Chen and Jahn (1998) and Wu et al. (2005) . One-stage model ages are used for plot.
grains in the Penglai sedimentary rocks implies that the Archean basements of the North China block did not provide sedimentary material during the sedimentation of the Penglai Group. Recent geochronological studies have shown that early Mesoproterozoic zircons can be found also in the Yangtze block (e.g., Zheng et al., 2006) and in the Cathaysia block (Wang, Y.-S., private communication) . Contrarily, the basements of the Yangtze block are characterized by Mesoproterozoic and Neoproterozoic thermotectonic events, especially between 1.3 and 1.0 Ga (related to the Grenville orogeny) and between 0.8 and 0.7 Ga (related to the breakup of Rodinia). Temporally, the Grenville event corresponds to the Sibao orogeny in Chinese literature. This event is widely traced in the Yangtze and Cathaysia blocks that finally collided around 1.0 Ga forming the South China block (e.g., Ma and Bai, 1998; Li et al., 1994 Li et al., , 2002 Li, 1996; Chen et al., 1991; Shui, 1987; Li and Mu, 1999) . In this context, it is reasonable to consider the Yangtze (and Cathaysia) block(s) as the major source for the sedimentary material. We therefore suggest that the Penglai Group, probably together with the Fenzishan Group (Tang et al., 2006) , is of the Yangtze affinity and was thrust onto the ArcheanPaleoproterozoic basements of the North China block during the Mesozoic continental collision that led to the formation of the Dabie-Sulu UHP orogenic belt. This interpretation can be supported by the crustal-detachment model for tectonic architecture of the Dabie-Sulu orogenic belt (Li, 1994 (Li, , 1998 , in which the Sulu terrane is considered to represent an upper part of the South China (Yangtze) block displaced northwards by the Tanlu fault after the collision between the North and South China blocks. In this context, the boundary between the South and North China blocks in the Sulu area can be located further north as suggested by Faure et al. (2001) .
Sedimentation time
Detrital zircon grains from low-grade sedimentary rocks crystallized before the erosion of their host rocks, i.e., before transport and deposition of the eroded material. Therefore, ages of the youngest detrital zircon grains can be used to constrain the upper limit of the deposition time. The sedimentary rocks of the Penglai Group contain zircons as young as 1.1 Ga, which mark an upper limit for the deposition time. As mentioned above, late Proterozoic magmatic activity (~0.8-0.7 Ga) is widely distributed within the South China block, especially in the Yangtze block (e.g., Li et al., 2003; Zheng et al., 2005; . As late Proterozoic detrital zircon grains are absent from the Penglai Group, it is reasonable to suggest a lower age limit of 0.8 Ga for the deposition time of the Penglai sedimentary rocks. These constraints on the deposition time are significantly different from those Paleozoic ages obtained by the Rb-Sr and paleontological dating reported previously (Zhu et al., 1994; Ji and Zhao, 1992) , but similar to whole-rock PbPb age of 1166 Ma (Zhang, 1995) . With respect to the sedimentation time, the late Mesoproterozoic to early Neoproterozoic Penglai Group is different from the lowgrade Paleozoic Foziling Group and the Neoproterozoic to Paleozoic (?) Luzhenguan Group along the northern margin of the Dabie UHP terrane and from the low-grade Neoproterozoic Wulian Group in the Sulu UHP terrane (Zhou et al., 2001 .
Nd-Hf isotopic constraints on sedimentary sources
Nd isotopic composition of sedimentary rocks can provide useful information about the formation and evolution of the continental crust, owing to the relatively immobile characteristic of the Sm-Nd isotopic system (e.g., Liew and Hofmann, 1988) . Initial 143 Nd/ 144 Nd isotopic ratios (ε Nd ) and depleted-mantle model ages (T DM ) characterize the source of sedimentary rocks and therefore have been widely applied for studies on tectonic evolution of continental blocks. The model ages obtained by whole-rock analyses are commonly interpreted as average crustal formation ages of the sedimentary source(s).
The North China block is interpreted as an assemblage of old basement rocks that were mainly formed and accreted during the Archean and came together around 1.9 Ga to 1.8 Ga (e.g., Zhao, 2001) , while the major basement rocks of the Yangtze block formed during the Paleoto Mesoproterozoic period (e.g., Yang et al., 1986; Ma and Bai, 1998; Lu, 1998; Zhai et al., 2000; Zhao, 2001 ). Statistics of the T DM (Nd) values from both continental blocks (Fig. 7) , compiled by Wu et al. (2005) the North China block has had two major crustal formation periods at about 3.4 and 2.8 Ga. Except for small outcrops of Archean rocks along the northern and northwestern margins (e.g., Gao et al., 2001) , basements of the Yangtze block mainly formed during the Paleo-to Mesoproterozoic. Distribution of the T DM (Nd) values of sedimentary rocks from the Yangtze block suggests a time period of about 2.0 Ga for formation of the major crustal edifices within this cratonic block Chen and Jahn, 1998) . T DM (Nd) values of sedimentary rocks from the Penglai Group range from 2.8 Ga to 1.8 Ga with a peak at 2.2-2.0 Ga, indicating a Paleoproterozoic mean crustal residence time for the sources of the Penglai Group. Comparison of the distribution of T DM (Nd) values for the Penglai Group (Fig. 7) , with that of the Yangtze block and the North China block Chen and Jahn, 1998 ; and references therein), indicates that the crustal residence time distribution of the sedimentary sources for the Penglai Group is more akin to the distribution found within the Yangtze block. Initial ε Nd values of the Penglai Group, calculated back to 1.2 Ga (Table 2) , range from -6.4 to -1.7, also distinguishably higher than those of the basement rocks from the North China block, when compared at 1.2 Ga (data compiled by Wu et al., 2005) . The zircon Lu-Hf isotopic system is commonly accepted to have a very high isotopic closure temperature such that Hf isotopic composition of zircon can preserve source information, even for high-grade metamorphic rocks, such as granulites (Scherer et al., 2000) . Therefore, compared to whole-rock Sm-Nd data, we believe that Hf isotopic composition of detrital zircon grains, obtained by the LA-MC-ICP MS in-situ method, can be more suitable for offering information about the source characteristics of sedimentary rocks. Distribution of zircon T DM (Hf) values (Fig. 6 ), calculated using a mean crustal Lu/Hf ratio ( 176 Lu/ 177 Hf ratio of 0.015; Veevers et al., 2005) , implies complex sedimentary sources as indicated by variant T DM (Hf) values ranging from about 4.0 to 1.5 Ga. Nevertheless, a peak T DM (Hf) value of about 2.4 Ga to 1.5 Ga indicates that sedimentary material originated mainly from sources formed during Paleo-to Mesoproterozoic times, which are highly similar to the Yangtze block. Those zircon grains having Archean T DM (Hf) values can be provided either by the North China or the Yangtze block because small Archean basement blocks, such as the Archean Kongling Complex (Fig. 1) , are also exposed along the northern margin of the Yangtze block (e.g., Gao et al., 2001) . Further comparison of zircon Hf isotopic compositions needs solid data sets from both continental blocks.
In summary, evidence from Nd-Hf isotopic composition probably supports that crustal terranes, Paleo-to Mesoproterozoic in age, provided major sedimentary material for the Penglai Group. This characteristic closely correlates with the main crustal formation periods within the Yangtze block, but clearly differs from that of the North China block. Therefore, an affinity of the South China block (especially the Yangtze block) is implied for the Penglai Group.
CONCLUSIONS
Detrital zircon grains from low-grade sedimentary rocks of the Penglai Group are characterized by Mesoproterozoic crystallization ages, clustering at 1.7-1.6 Ga and around 1.2 Ga. This age information indicates that the products of widespread Mesoproterozoic magmatism in the South China block were the dominant sources of the sediments. The 1.2 Ga zircon grains can be taken as evidence that the sedimentary material derived from the boundary between the Yangtze and the Cathaysia block that was formed by plate convergence during late Mesoproterozoic.
Evidence from Nd isotopic composition indicates that the sediments of the Penglai Group were derived from Paleo-to Mesoproterozoic source rocks similar to average crustal material of the Yangtze block. This identity implies that the low-grade Penglai Group, situated north to the Sulu UHP terrane, originated from the South China block and not from the North China block. Absence of Neoproterozoic detrital zircon grains from the Penglai sediments probably suggests a deposition age of about 1.1 to 0.8 Ga for the Penglai Group.
